, the District of Columbia Federal Court of Appeals ruled that the SEC had not fully complied with some provisions of the Administrative Procedures Act when it required that the boards of investment companies managing mutual funds have at least 75% of their membership and the Chairman be independent directors. In preparation for renewed rule making, the Office of Economic Analysis of the SEC prepared a Power Study to respond to an industry-sponsored report claiming that the returns of funds with independent boards and chairs are not superior to funds with boards dominated by management. The Power Study concluded that the available studies on the effectiveness of independent board members do not have sufficient statistical power to detect a meaningful difference in the returns of the two types of funds. This paper demonstrates that the method used by the SEC in their power calculation is not correct, unless a very restrictive condition that rarely occurs in practice holds. When the appropriate power formulas are used, the expected power of studies of the same size as the ones examined by the SEC is actually lower than the corresponding results of the SEC. Thus, the results in the paper actually strengthen the argument that the SEC is advocating. The relevance of both the SEC and the industry studies to the main issue in the case is also questioned in the discussion.
Introduction
Early in 2004 the Securities and Exchange Commission (SEC) proposed new conditions that Mutual Funds needed to satisfy in order to engage in otherwise prohibited transactions, i.e. those that the fund's advisor would also benefit. 1 In particular, the fund would be required to have a Chairman and at least 75% of its Directors independent of its advisors and sponsors. 2 The Commission adopted 278 E. BURA AND J. L. GASTWIRTH this and other new conditions in light of recent abuses in the mutual fund industry and felt that more independent directors would provide greater oversight of activities that involve inherent conflicts of interest between the funds and their managers in order to protect shareholders. The industry challenged the new proposal. In Chamber of Commerce of the United States of America v. Securities and Exchange Commission, 3 the Court of Appeals of the D.C. Circuit held that while the Commission had the legal authority to establish additional conditions on the funds, its deliberations did not fully comply with the Administrative Procedures Act. In particular, the Commission had not considered the potential costs of more independent directors versus those of a proposed alternative involving fuller disclosure by investment companies. Within a matter of days after this decision was issued, the SEC published a Response Release 4 stating that it decided that it was unnecessary to reopen the rule-making record for comment as the information in the existing record together with other publically available information that could be relied on was a sufficient base to remedy the deficiencies noted by the court. The Chamber of Commerce again challenged this procedure in part because when an agency determines that additional fact gathering is needed, public notice and comments are typically required. In Chamber of Commerce of the United States of America v. Securities and Exchange Commission II, 5 the court vacated the rule and gave the SEC time to reopen the record. The decision noted that the SEC estimated the cost of requiring an independent chair on the increased compensation for the chair and the cost of extra staff, the latter of which relied on 'extra record' summaries of two surveys, one of which was not even available during the previous comment period. 6 In the first case, the Chamber referred to a study (Bobroff & Mack, 2004) supported by Fidelity Investments that had not found a statistically significant difference in the performance of funds with a high proportion of independent directors compared with other mutual funds. The Commission discounted that study because it had not incorporated other potential predictors. 7 The study encompassed all retail-oriented fund complexes with $10 billion or more in long-term assets, which account for 83% of industry long-term fund assets. The data included in the study indicated that the distributions of assets managed by the two types of funds are different. For example, the asset mean for the management-chaired funds was 74,180 ($ millions) with a standard deviation of 126,519 ($ millions), while the asset mean for the independent-chaired funds was 38,490 ($ millions) with a standard deviation of 35,091.89 ($ millions). 8 Somewhat surprisingly, the SEC did not suggest the possible economies of scale fund groups managing more assets might have or any other financial or economic variables that should have been included in the study of differential returns of the two types of funds.
In anticipation of the further proceedings mandated by the second appellate decision, the SEC staff carried out a literature review (Spatt, 2006a ) and a power study (Spatt, 2006b ). The purpose of the power study, also referred to as the Office of Economic Analysis (OEA)/SEC memorandum, was to demonstrate that statistical tests based on regression models that include relevant predictors would not have adequate power to detect a meaningful impact of independent directors and chairs on the 3 412 F.3d 133 (D.C. Cir. 2005) . 4 See Investment Company Governance, Release No. 26,985, 70 Fed. Reg. 39390-39398 (7 July 2005 profitability of funds. The power study of the SEC is described in Section 2. It will be seen that the approach the SEC adopted is statistically correct only when the predictors have the same distribution in both types of funds. To illustrate the flaw in the logic of the OEA/SEC memorandum, we consider the simple case of a regression model with a single predictor in Section 3 and demonstrate that when the distribution of the predictor in the funds with independent directors is different than the corresponding distribution in the other funds, the power results given in the OEA/SEC memorandum are not correct. The correct power formula is also given in that section and its mathematical derivation is given in Appendix A. Section 3 presents simulation studies illustrating the impact of the distributions of the predictor variable in the two groups of funds. Interestingly, using the appropriate formula, the power of a regression analysis to detect a 3% difference in returns, deemed meaningful by the SEC, is lower than the figures given in their memorandum. Thus, a correct analysis would strengthen the argument presented by the SEC staff.
Section 4 summarizes the implications of our findings and raises an additional issue about the universe of investments examined by the studies submitted to the court. In contrast to the criteria used to focus on comparisons of 'similarly situated' employees or applicants in discrimination cases, the studies of returns of investment companies included all of their investments and were not focused on the smaller number of securities transactions that involve a potential conflict of interest.
The SEC power study
The SEC staff examined the performance of independent-versus management-chaired mutual funds by considering the asset-weighted average annual returns for every family in the Center for Research in Securities Prices (CRSP) mutual fund database. 9 Using this data set, they computed the crosssectional standard deviation for 2002 to be approximately 12%. In the memo, the SEC staff stated the following hypothesis testing problem:
H 0 : Mutual funds with an independent chair produce returns no higher than those with a management chair. versus H 1 : Mutual funds with an independent chair produce higher returns than those with a management chair.
The OEA/SEC memorandum presents power curves as a function of sample size (up to 500). 10 The analysis assumed that one in five fund families is chaired by an independent director or trustee. The sample size on the x-axis is the total number of funds in the two groups with a 1:4 allocation between the independent-and management-chaired funds. The power of the two-sample t-test to detect differences ranging from 1% to 5% (100-500 basis points) at level 5% is computed. They indicated that the power of a test, applied to a sample of 448 funds in total, to detect a 3% difference between independent-chaired and management-chaired mutual funds is approximately 55%. Figure 1a ,b gives the power curves of both the one-sided and the two-sided t-test assuming the groups have the same standard deviation, 12%, used by the SEC. Figure 1b replicates the SEC graph indicating that they reported the power curve for a two-sided test even though the stated alternative appears to be one-sided. The left vertical line is drawn at 284.73 and the right at 443.59, as in the 280 E. BURA AND J. L. GASTWIRTH FIG. 1. Power curves for the two-sample t-test to detect differences of 1% (red), 2% (green), 3% (black), 4% (blue) and 5% (purple) at level 5% assuming the groups have the same standard deviation, 12%, used by the SEC. (a) Power curves for the one-sided two-sample t-test. (b) Power curves for the two-sided two-sample t-test, which replicate those of the OEA/SEC memorandum. 14 OEA/SEC memorandum, to facilitate comparison. Thus, when a two-sided t-test is used, a sample size of about 285 is needed in order for the test to have 80% power to detect a 5% difference in mean returns. To detect a 4% difference with 80% power, a sample of size 444 is required.
Noting that a careful study of the difference in performance of the two groups of funds would control for other variables that affect returns, the SEC stated that a regression model incorporating the relevant predictors is appropriate. In order to calculate the power of a regression model, with a coefficient of determination R 2 , the SEC multiplied the original variance of the returns in each group by (1 − R 2 ) and then used the power formula for the two-sample t-test assuming that the variance in returns in both groups equaled this smaller variance. 11 In particular, when the standard deviation of returns equals 12 and R 2 = 0.50 (0.75) the resulting standard deviation of the error term in the regression becomes 8.5 (6). 12 Their power curves as a function of both sample size and magnitude of the difference in returns of the two groups 13 will be compared to our results in Section 3. 11 The R 2 statistic measures the proportion of the variance in the response (returns) that is explained by the predictors used in the regression. 12 The total variation in returns is the sum of the variation due to the predictors plus that due to the error. Since the total standard deviation assumed by the SEC equals 12, the error variance changes with R 2 . The numbers in the text are obtained from formula (7). For example, σ 2 ε = Var(y)(1 − R 2 ) = 12 2 (1 − 0.50) = 72 and the error standard deviation is √ 72 = 8.485 ≈ 8.5. 13 See Figs 2 and 3 on p. 11 of the OEA/SEC memorandum. 14 The power curves determined by the OEA/SEC are given in Fig. 1 on p. 9 of their memorandum (Spatt, 2006b) .
Comments:
1. The OEA/SEC memorandum did not describe the particular explanatory variables nor did it present an explicit regression model relating a fund's returns and the predictors. It only used the overall explanatory ability of the model as measured by R 2 to carry out their calculations based on the sample standard deviation (12%) of the funds' returns. 2. It is known that the joint distribution of the predictors affects the power of a regression and the sample size determination for future regression analysis (Kleinbaum et al., 2008; Hsieh et al., 1998) .
Power in linear regression: one predictor and one indicator variable
Assume that a regression model is used to predict a response y from the information on a single independent variable x and membership in one of two groups. In the context of the SEC memorandum, the response (y) is fund return and the two groups are the independent-chaired and managementchaired mutual funds. A reasonable independent variable might be the amount of assets (x) a fund manages. Formally, the model is
The reduced model describes the situation where group membership does not affect y once the effect of x is accounted for and is modelled as
The reduced model (2) is obtained by setting β 2 = 0 in the full model (1). The hypothesis stated in the OEA/SEC memorandum, that independent-chaired funds realize higher returns, is mathematically expressed as H 0 : β 2 = 0 versus H 1 : β 2 > 0. The least squares estimateβ 2 of β 2 in the full model and its variance are given in Beals (1972, pp. 269-273) :
When the errors are independent, normally distributed with a common variance,β 2 is normally distributed so that the distribution of the test statistic t =β 2 /s(β 2 ) has a Student's t distribution with n − 3 degrees of freedom under the null, where s(β 2 ) = Var(β 2 ). The power for an α-level 282 E. BURA AND J. L. GASTWIRTH one-sided t-test of H 0 : β 2 = 0 to detect a true difference of β 2 is given by (Kapadia et al., 2005, pp. 529-531)
In the context of the regression model in (1), β 2 quantifies the difference in performance as measured by the response y between the two groups. The probability in (5) assesses the likelihood of the test correctly deducing that the true β 2 is not zero. To be meaningful in our context, a test needs sufficiently high power to identify a modest 2 or 3% difference in the returns of the two fund groups.
To be consistent with the OEA/SEC power study (Spatt, 2006b ), we also assume that the variance of y is equal to 144 and consider the most realistic value of R 2 , 0.50, used by the SEC. Given these conditions, we have to calculate the error and covariate variances in the two groups that are consistent with these values.
In (2), the indicator I follows a simple binomial or Bernoulli distribution with parameter π . When I = 1, x has mean μ 1 and standard deviation σ 1 and when I = 0, x has mean μ 0 and standard deviation σ 0 . In Appendix A, the formula for the variance of a fund's returns is derived:
In general,
which yields
When σ 2 1 = σ 2 0 = σ 2 and the predictor has the same mean (average) in both groups, i.e. μ 1 = μ 0 , formula (6) for Var(y) reduces to
In this special situation where μ 1 = μ 0 and σ 2 1 = σ 2 0 = σ 2 , R 2 is the fraction of the variance of y due to the effect of both the group and the predictor. The remaining portion, 1 − R 2 , of the variance of y is the error variance σ 2 ε . Consequently, the SEC approach is correct in this special case. To examine the more general situation when μ 1 need not equal μ 0 , we follow the SEC and assume that the regression has R 2 = 0.50 and Var(y) = 144. Thus, σ 2 e = Var(y)/2 = 144/2 = 72. Then, (6) implies that for any set of coefficients (β 1 , β 2 ) the group variances must satisfy
When σ 2 1 = σ 2 0 = σ 2 , then the common variance σ 2 equals the right-hand side of the last equality. In our study, we set β 0 = 5 and β 1 = 2 and assume that the group variances are equal. The power for testing β 2 > 0 is computed for sample sizes ranging from n = 4 to n = 500 and for β 2 = 1, 2, 3, 4, 5. For the funds with independent chairs, the predictor (x) is assumed to follow a normal distribution with mean μ 1 and standard deviation σ (x ∼ N (μ 1 , σ ) ), while x ∼ N (μ 0 , σ ) in funds without independent chairs. As in the OEC/SEC power study, 20% (n/5) of the funds have independent chairs and the significance level is set to α = 0.05. We investigate how the power of the test is affected by the difference in the distributions of the predictor in the two groups by considering several scenarios that depend on the magnitude of the difference μ 1 − μ 0 between the average values of the predictor (x) in the two groups.
In the OEA/SEC memorandum, approximate power of 0.80 is achieved for a difference of 5% (β 2 = 5) at n = 143.86 and for a difference of 4% (β 2 = 4) at n = 223.54. To approximate the power over a narrow window of sample sizes centered at 144 and 224, in Table 1 we report the average power along with its standard deviation over sample size ranging from 135 to 150 and in Table 2 for samples of size 215-230 for the four different x distributions we use to compute the power curves in Figs 2 and 3. In both tables and figures, the sample size is the total sample size of the two groups with the number of the independently chaired funds being one fifth of the total.
The first two lines in Tables 1 and 2 show that a slight difference between the means of the covariate (μ 1 = 16, μ 0 = 15) in the groups causes a very small decrease in power. Thus, the Friedman's (1984) super smoother was used to smooth the simulated power curves. Left panel: the means and the standard deviations of the covariate are the same in the two groups. As the total variance of y = 144, the error term is N (0, σ e ) with σ ε = √ 72. Red corresponds to β 2 = 1, green to β 2 = 2, black to β 2 = 3, blue to β 2 = 4 and purple to β 2 = 5. The common variance σ 2 = 4.24, 4.22, 4.20, 4.17, 4.12 for β 2 = 1, 2, 3, 4, 5, respectively. Right panel: the covariate satisfies x ∼ N (21, σ ) in the independent-chaired fund group and x ∼ N (15, σ ) in the other group, while the group variances remain the same, i.e. σ 2 1 = σ 2 0 = σ 2 . The error term again is N (0, σ e ) with σ ε = √ 72. Red corresponds to β 2 = 1, green to β 2 = 2, black to β 2 = 3, blue to β 2 = 4 and purple to β 2 = 5. The common variance σ 2 = 3.35, 3.19, 3.0, 2.79, 2.54 for β 2 = 1, 2, 3, 4, 5, respectively. SEC approximation is adequate if the means are close. On the other hand, when there is a noticeable difference between the two groups' covariate means (μ 1 = 21, μ 0 = 15), the power of the regression declines substantially. This can be seen in Fig. 2 where the power curves for detecting each value of β 2 in the right panel are lower than the corresponding curves in the left panel for all sample sizes.
We show next that in the OEA/SEC memorandum a power analysis for the two-sided two-sample t-test is carried out, even though the hypothesis is stated in terms of a one-sided alternative (see pp. 6-7 in Spatt, 2006b ). In Fig. 3 , the power curves for testing H 0 : β 2 = 0 versus H 1 : β 2 = 0 when the predictor has the same distribution in the two groups are plotted. Table 3 reports the average and standard deviation of the power values for n = 135, . . ., 150 and when n = 215, . . ., 230 for testing H 0 : β 2 = 0 versus H 1 : β 2 = 0 when the true difference in average return for the two groups is β 2 = 1, 2, 3, 4, 5. These approximate the power for the sample sizes 144 and 224 obtained by the SEC.
As expected from the theory presented in Section 3, the power curves in Fig. 3 and the entries in Table 3 sample size 223.54. These were the sample sizes identified in the OEA/SEC power study required to achieve 80% power. 15 This finding leads us to conclude that the SEC considered the two-sided test although the memorandum describes a one-sided alternative. Table 4 reports the same quantities as Table 3 but here the predictor distribution has mean 21 in the independent group and 15 in the other 15 The sample sizes determined by the OEA/SEC are given in Fig. 2 on p. 11 of their memorandum (Spatt, 2006b) . group. For every value of β 2 , the power is noticeably smaller in Table 4 than in Table 3 . Thus, the greater the difference between the averages of the predictors in the two groups, the lower the power of the test to detect a difference in returns.
Discussion
This paper illustrates the effect an incorrect statistical calculation can have on the strength of the conclusions derived from it. The calculation made by the SEC is only correct in the unrealistic situation where the distribution of the relevant predictor variables is the same in both groups. As demonstrated in the power simulations in Section 3, even if the only difference between the two types of funds is in the means of the distributions of a single predictor, the calculation made by the SEC overestimates the statistical power of the test. While our study only considered the case of one predictor variable, the results should hold in the more general case where there are several predictors. Indeed, it is less likely that the joint distribution of several predictors will be identical in both groups of fund managers. In view of the large difference in the amounts (assets) managed by the two types of funds, this problem is likely to occur if the parties develop a full regression model in future proceedings. Other important results concerning the power of tests in multiple linear regressions are given by Andrews (1989) and Gatsonis & Sampson (1989) . Recent studies in the financial and business literature have been concerned with factors, e.g. the cost of acquiring information about a firm, that are related to the effectiveness of outside directors. The paper by Duchin et al. (2008) explores this topic and provides references to literature. The relevance of the studies available to the SEC focused on comparing the returns of funds with a high fraction of independent directors to those with the legally specified minimum number to the proposed regulation is logically questionable. The regulation concerns those funds whose sponsors will make trades where there is a potential conflict of interest, e.g. an investment bank is managing an initial public offering and also purchasing some of those shares for the funds it manages. One expects such trades to be a relatively small proportion of the trades made by a mutual fund. Hence, studies of the profitability of this special type of trade relative to other trades made by the fund or to similar 'special' trades made by funds with independent chairs and boards would be more focused on the problem the SEC regulation is addressing. This problem of choosing a statistically sound 'control' group arises in the choice of comparison groups (or individual comparators) in equal employment cases where courts have expressed concern with studies that are overinclusive, e.g. include all employees rather than those qualified for the job or not subject to the same employment practice being scrutinized, or underinclusive, e.g. comparing a plaintiff to a subset of all comparable applicants or employees rather than the full set. 16 288 E. BURA AND J. L. GASTWIRTH We assume that the indicator I follows the Bernoulli distribution with parameter π . Also, we assume that when I = 1, x has mean μ 1 and standard deviation σ 1 and when I = 0, x has mean μ 0 and standard deviation σ 0 . Thus, Var(I ) = π(1 − π ). Also, Cov(x, I ) = E(x I ) − E(x)E(I ) = πμ 1 − π(π μ 1 + (1 − π)μ 0 ) = π(1 − π )(μ 1 − μ 0 ), Let W = Var(x|I ) and Z = E(x|I ). Then, E(Var(x|I )) = E(W ) = σ 2 1 π + σ 2 0 (1 − π ) and Var(E(x|I )) = Var(Z ) = E(Z 2 ) − (E(Z )) 2 = μ 2 0 (1 − π) + μ 2 1 π − (μ 0 (1 − π) + μ π 1 ) 2 = π(1 − π)(μ 1 − μ 0 ) 2 . Thus, Var(x) = σ 2 1 π + σ 2 0 (1 − π) + π(1 − π )(μ 1 − μ 0 ) 2 .
In summary, substituting in (A.1), we obtain Var(y) = β 2 1 (σ 2 1 π + σ 2 0 (1 − π) + π(1 − π)(μ 1 − μ 0 ) 2 ) + β 2 2 π(1 − π) +2β 1 β 2 π(1 − π)(μ 1 − μ 0 ) + σ 2 ε .
